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IN VITRO SCREENING OF CELLULAR EVENTS USING 3D CELL CULTURE SYSTEMS 

Cross References to Related Applications 

This application claims the priority of pro- 
visional patent application 60/388483, filed June 13, 
2002, the disclosure of which is incorporated herein by 
reference in its entirety. 

Technical Field 

The present invention relates to in vitro 
cell culture conditions wherein transfected cells con- 
taining one or more selected promoter-reporter constructs 
are cultivated under conditions mimicking the natural in 
vivo environment. Such conditions may be achieved by pro- 
viding 3D cell arrangements that optionally may include 
any scaffold or biomaterial. 

The present invention further relates to a 
non-destructive and real-time assay for screening various 
cell types, preferably for cells of musculoskeletal tis- 
sues or cells being able to differentiate in such tis- 
sues, using key marker genes in foinn of novel promoter- 
reporter constructs that are transfected in said cells. 

The present invention further presents small- 
scale in vitro cell culture conditions wherein said cell 
culture conditions have been adapted to various multiwell 
plates in order to enable higher throughput applications 
by an easy and convenient read-out with conventional 
standard plate readers or automated confocal microscope 
reader . 

Background Art 



General information about gene-reporter tech- 
nologies 
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Cellular screening assays are widely used to 
study eukaaryotic gene expression ,and cellular physiology 
such as ELISA-type assays, cellular Ca^* assays, cellular 
assays based on novel fluorescence imaging methods or ex- 
5 press ion-reporter gene assays. Especially for reporter- 
gene technology the future is estimated to look bright 
(Naylor et al., 1999). 

To a large extent, cellular screening tech- 
niques have been developed for phairmaceutical companies 

10 to cope with the steadily increasing amount of compounds. 
Various kinds of homogenous high throughput assay systems 
have enabled to increase the rate of sample processing 
(US 5 '989 '835). Unf orttmately, focus has mainly been laid 
on practicability rather than on biological relevance. As 

15 a consequence, almost all screening assays use in vitro 
culture conditions that do not mimic three-dimensional 
tissue-like arrangement as it occurs in vivo. For in- 
stance, disposable plastics have become the preferred 
substrate used in modem-day 2D cell cultures. While the 

20 growth of cells in two dimensions is a convenient method 
for preparing, observing and studying cells in culture, 
allowing a high rate of cell proliferation, it lacks the 
cell-cell and cell-matrix interactions characteristic of 
whole tissue in vivo. Therefore, these cells will start 

25 to loose their differentiated phenotype and become so 

called de-differentiated cells and at the same time will 
start to change their gene expression profile. As a con- 
sequence, mimicking tissue-like conditions by e.g. imple- 
menting an appropriate biomaterial or scaffold for cellu- 

30 lar screening of a specific cell type is crucial for 

building up a functional relevant and meaningful assay. 
The invention described herein discloses such cell cul- 
ture conditions that provide an excellent basis for func- 
tional cellular screening by combining appropriate natu- 

35 ral or synthetic biomaterials together with a key set of 
novel promoter-reporter constructs. 
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Backgroimd information related to cellulax 
screening with cells from musculoskeletal tissues 

Focus is being put more and more on cells 
that can be used to repair or regenerate musculoskeletal 
5 tissues such as bone and cartilage by means of tissue- 
engineering since they are structurally less complex than 
heart valves or entire organs such as pancreas and liver. 
In case of pathological conditions they may serve as cel- 
lular targets for screening of more effective drugs. Re- 

10 search efforts / either for tissue-engineering or for drug 
screening, in general have to consider differentiation 
pathways and subsequent maintenance of a differentiated 
phenotype. A series of factors (e.g. growth factors, 
pharmaceutical agents, biomaterials , mechanical stimula- 

15 tion and others) as well as their interactions are criti-* 
cal in this aspect. As a consequence, understanding of 
the exerted effects and the targeted control by using the 
appropriate factors in the appropriate concentration at 
the proper time point is far away from being realized. To 

20 overcome today's trial and error approaches, it is impor- 
tant to introduce novel and more sophisticated approaches 
to study this very complex subject matter. 

For instance, two recent publications by 
Grant et al., 2000 and Bergwitz et al., 2001 have been 

25 proven to be valuable in tracking cellular responses of 
chondrocytes using the rat collagen type II (COL2) pro- 
moter in combination with green fluorescent protein 
(GFP) - While Grant et al. generated a COL2-GFP reporter 
mouse model as a new tool to study skeletal development 

30 by marking the chondrocyte lineage and chondrogenesis; 

Bergwitz et al. established a stable transfected chondro- 
cytic cell line and sandwich co-cultures where wnt- 
secreting cells in monolayer were overlaid by agaxose 
suspension cultures containing the rat COL2-GFP trans - 

35 fected cell line. In this manner, it was possible to ex- 
amine the effect of wnt-proteins on the early chondrocyte 
differentiation. Beyond dispute of the scientific impact 
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of these publications, broad and simple application of 
these models is not possible for several reasons . Only a 
few laboratories have the tools to produce transgenic 
mice, to keep them in animal houses, or analyze them ap- 
5 propriately. Common use is further restricted through a 
limited niimber of experiments, a limited number of pro- 
moter-reporter genes and the restriction to mouse spe- 
cies. The chondrogenic rat calvaria cell line eliminates 
the above-mentioned restriction with respect to the num- 

10 ber of experimental testing. However, the drawback of 
only one promoter-reporter gene construct auid the re- 
striction to a rodent derived cell line still remains . 
The narrow scope of application is further underlined by 
a complex 3D co-culture model requiring quite a high cell 

15 number which is not suitable for fast and convenient 
read- outs . 

While US 5 '932 '459 and other literature ref- 
erences, e.g. Stokes et al., 2001, HSuselmann et al., 
1994, in principle describe culture systems that could be 

20 used to study the re-differentiation process of cells 
they do not allow to be applied within high throughput 
screening applications since they all require out of 
scale quantities of a characterized cell source. Also the 
possibility of a read-out process by using conventional 

25 plate-readers for such cell-based assays has not been ad- 
dressed. 

Furthermore, since all ex vivo tissue- 
engineering approaches include a cell source, as one ma- 
jor, if not the most important element, appropriate qual- 

30 ity control of current commercialized products is becom- 
ing more and more a central issue. Beyond viability and 
sterility, it is desired to receive information about the 
cellular status of the cells that are used directly for a 
cellular therapy or being used to form de novo tissue 

35 following cultivation in 3D. 

All these drawbacks have precipitated the 
concept of monitoring gene expression of key marker genes 
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within various more functionally relevant culture condi- 
tions that allow fast and simple read-out, preferably in 
a non-destructive and real-time manner. 

The current invention offers a new tool to 
study marker (positive and negative) gene expression and 
thus to determine whether the desired cellular phenotype 
is maintained. 

Disclosure of the Invention 

In a first aspect, the present invention pro- 
vides a screening method for compounds having a modulat- 
ing effect on cellular development and/or cell differen- 
tiation and/or cellular processes. Said screening method 
comprises the following steps: 

a) cultivating cells harboring a promoter-reporter con- 
struct in a 3D micro-culture under conditions mimick- 
ing the natural environment (3D tissue-like) of said 
cells, or cultivating said cell in a 21) culture on 
bioinductive material, 

b) contacting said cells with a test compound and com- 
paring the read-out of the promoter-reporter con- 
struct to a control. 

In a preferred embodiment of the present in- 
vention said 3D culture comprises a biomaterial substrate 
or scaffold that promotes normal physiological activity, 
in particular scaf folds /biomaterials selected from the 
group of natural scaf folds /biomaterials consisting of 
alginate, agarose, hyaluronic acid, collagen, proteogly- 
can, mixtures thereof or from the group of synthetic 
scaf folds /biomaterials consisting of Skelite™, polyHEMA, 
polyglycolic acid (PGA) , polylactic acid (PLA) , mixtures 
of PGA and PLA- 

In a further preferred embodiment said cells 
are selected from the group consisting of chondrocytes, 
bone cells, rheiimatoid cells, osteoarthritic chondro- 
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cytes/ stem cells, mesencliyinal cells, cartilage or bone 
tumor cells, preferably said cells stem from humans. 

In yet a further preferred embodiment said 
promoter is selected from the group consisting of COLl, 
5 COL2, S0X9, COMP, MMP2 and aggrecanase-1 . 

In a further preferred embodiments said re- 
porter is selected from the group of GFP, lucif erase, p- 
galactosidase, chloramphenicol acetyltransf erase gene 
(CAT) . 

10 Preferred cells for use in a method of the 

p2-esent invention stem from humans and said promoter- 
reporter construct is a DNA construct of the present in- 
vention. 

In a preferred embodiment, said cells com- 
15 prise more than one promoter-reporter construct. 

Test compounds are preferably selected from 
the group consisting of chemical libraries, natural prod- 
uct libraries, peptide libraries, cDNA libraries and com- 
binatorial libraries. 
20 In a much preferred embodiment of the present 

invention the method is performed in a multiplate culture 
format e-g. 96 or 384-mulitwells . 

In a further preferred embodiment said cells 
are contacted with an activator or suppressor of said 
25 promoter and with a test compo\ind. 

In a second aspect, the present invention re- 
lates to a DNA construct for cell trans fection. Said DNA 
construct comprises a reporter gene under control of a 
hviman promoter wherein said promoter is selected from the 
30 group consisting of hxaman COLl, human COL2, human S0X9, 
human COMP, hioman MMP2 and hximan aggrecanase-1 and said 
reporter gene encodes a protein with an activity that can 
be detected by colorimetric or fluorescent methods. 

In a preferred embodiment said reporter is 
35 selected from the group consisting of GFP, lucif erase, P- 
galactosidase, chloramphenicol acetyltransf erase gene 
(CAT) . 
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In a further aspect, the present invention 
relates to a method for testing whether a material has 
bioinductive characteristics. Said method comprises the 

following steps: 

culturing cells harboring a promoter-reporter 
construct on the material to be tested and 

comparing the read-out of the promoter- 
reporter construct to a control. 

In a further aspect, the present invention 
relates to a method for testing whether a biomaterial is 
degraded or resorbed in vivo or in vitro. Said method 
comprising the following steps: 

culturing cells harboring a promoter-reporter 
construct on the material to be tested and 

monitoring expression of the reporter gene in 

said cells. 

In a further aspect, the present invention 
relates to a use of a promoter-reporter construct for the 
construction of transgenic animals, preferably transgenic 
mice. Said construct comprises a reporter which is se- 
lected from the group consisting of GFP, lucif erase, p- 
galactosidase, chloramphenicol acetyltransf erase gene 
(CAT) and a promoter which is selected from the group 
consisting of COLl, COL2, S0X9, COMP, MMP2 and aggre- 
canase-1 . 

The resulting transgenic animals can be used 
in a screening method for compounds having a modulating 
effect on cellular development and/or cell differentia- 
tion and/or cellular processes. 

In a further aspect the present invention re- 
lates to cells or cell lines comprising a reporter con- 
struct of the present invention. Said cells or cell lines 
are preferably selected from the group consisting of 
chondrocytes, bone cells, rheumatoid cells, osteoar- 
thritic chondrocytes, stem cells, mesenchymal cells, car- 
tilage or bone tumor cells, preferably said cells stem 
from humans. 
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In a further aspect, the present invention 
provides a method for the quality control of cells culti- 
vated in vitro. Said method comprises the following 
steps : 

transfecting cells that have been cultured in 
vitro with a key marker promoter-reporter construct and 
cultivating said transf ected cells in a 3D culture and 

detection of the reporter read-out which is 
indicative for differentiated cells. 

Cells used in said methods are preferably of 
human origin, preferably cells that belong to the groups 
as defined herein before. A preferred reporter and pre- 
ferred promoter for use in said method is selected from 
the groups defined herein before. 

The present invention provides a novel cell- 
based screening assay and variants thereof that may op- 
tionally include biomaterials and scaffolds, either natu- 
ral or synthetic ones to mimic the environmental nature 
of a given tissue within cell culture conditions on a 
small-scale level. Most preferably, the disclosed cell 
culture conditions in combination with transfected cells 
is suitable to cultivate cells derived from musculoskele- 
tal tissues or cells being able to differentiate in such 
tissues . 

The present invention also encompasses vari- 
ous novel human transcriptional promoter-reporter con- 
structs, preferably with those promoters that are re- 
garded as key markers for a specific cell type, e.g. col- 
lagen type II, SOX9 and COMP for chondrocytes, or a spe- 
cific cellular status, e.g. aggrecanase-1 (ADAMTS4) and 
MMP2 for osteoarthritic cells. These gene-reporter con- 
structs, preferably with the most common liaminophore re- 
porters such as GFP or lucif erase allowing non-invasive 
monitoring of gene e^qpression, can be used in combination 
with the disclosed 3D in vitro cell culture conditions to 
evaluate the influence of signaling molecules, drugs or 
other medium components on proliferation, differentiation 
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or de novo tissue fonoation. By using pluripotent stem 
cells or progenitor cells, monitoring along a differen- 
tiation pathway or commitment to a specific lineage is 
possible, most preferably for those cells differentiating 
into musculoskeletal tissues. Novel ftmctional data about 
genes having a regulatory role within any of the men- 
tioned cell types can be achieved by e.g. co-transf ection 
of any cell type with gene libraries containing CMV 
driven cDNA sequences . 

A further important aspect of the invention 
is the specific adjustment of the described 3D culture 
conditions to conventional micro titer plates, e.g. 96 or 
3 84-well format allowing reliable and accurate read-outs 
with the most important reporter genes such as GFP and 
lucif erase - 

A further important aspect of the invention 
discloses the possibility of the described invention to 
be used as a^ new quality control tool and/or diagnostic 
tool to enhance clinical outcome of cellular/tissue- 
engineered therapies. 

' Brief Description of the Drawings 

The invention will be better understood and 
objects other than those set forth above will become ap- 
parent when consideration is given to the following de- 
tailed description thereof. Such description makes refer- 
ence to the annexed drawings, wherein: 

Figure 1, time dependent curve for 2x10^ ad- 
enovirus infected porcine chondrocytes (P2) expressing 
QvjY-GFP in 3D alginate disc culture within a 96-well 
plate over time, transf ection rate 90%. GFP expression 
measured with BMG Fluostar, 485/20 nm excitation filter 
and 535/20 nm emission filter during 12 days. O trans- 
fected cells, ■ control cells. 
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Figure 2, cell number dependent curve for ad- 
enovirus infected porcine chondrocytes {P2) es^ressing 
CMV-GFP in 3D alginate disc culture within a 9 6 -well 
plate, transf action rate 90%. GFP es^ression measured 
with BMG Fluostar, 485/20 nm excitation filter and 535/20 
nm emission filter at day 2 - 

Figure 3, adenovirus infected porcine chon- 
drocytes (P2) es^ressing CMV-GFP in 3D alginate disc cul- 
ture within a 96-well plate, a) Image taken by light mi- 
croscope on day 3 . b) Image taken by fluorescence micro- 
scope with a 470/40 nm excitation filter, a 495 nm beam- 
splitter and a 525/50 nm emission filter on day 3. 

Figure 4, calcein AM / propidium iodide 
life/dead staining of \intransf ected porcine chondrocytes 
{P2) in 3D alginate disc culture within a 96-well plate, 
a) Image taken of living cells by fluorescence microscope 
with a 470/40 nm excitation filter, a 495 nm beamsplitter 
and a 525/50 nm emission filter on day 12. b) Image taken 
of dead cells by fluorescence microscope with a 535/50 nm 
excitation filter, a 580 nm beamsplitter and a 590LP nm 
emission filter on day 12. 

Figure 5, time dependent curve for 2x10^ 
transf ected porcine chondrocytes (P2) expressing CMV-GFP 
in 3D agarose disc culture within 96-well plate over 
time, transf ection rate 90%. GFP expression measured with 
BMG Fluostar, 485/20 nm excitation filter and 535/20 
emission filter during 13 days. O transf ected cells, ■ 
control cells - 

Figure 6, cell niomber dependent curve for ad- 
enovirus infected porcine chondrocytes (P2) expressing 
CMV-GFP in 3D agarose disc culture within a 96-well 
plate, transf ection rate 90%. GFP expression measured 
with BMG Fluostar, 485/20 nm excitation filter and 535/20 
nm emission filter at day 2. 

Figure 7, adenovirus transf ected porcine 
chondrocytes (P2) expressing CMV-GFP in 3D agarose disc 
culture within a 96-well plate, a) Image taken by light 
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microscope on day 1. b) Image taken by fluorescence mi- 
croscope with a 47 0/40 nm excitation filter, a 495 nm 
beamsplitter and a 525/50 nm emission filter on day 1. 

Figure 8, calcein AM / propidium iodide 
5 life/dead staining of untransf ected porcine chondrocytes 
(P2) in 3D agarose disc culture within a 96-well plate, 
a) Image taken of living cells by fluorescence microscope 
with a 470/40 nm excitation filter, a 495 nm beamsplitter 
and a 525/50 nm emission filter on day 13. b) Image taken 

10 of dead cells by fluorescence microscope with a 535/50 nm 
excitation filter, a 580 nm beamsplitter and a 590LP nm 
emission filter on day 13 . 

Figure 9, time dependent curve for 2x10^ with 
Amaxa Nucleof ector™ technology transf ected h\aman chondro- 

15 cytes (P2) expressing CMV-GFP in 3D agarose disc culture 
within a 96-well plate over time, transf ection rate 40%. 
GFP expression measured with BMG Fluostar, 485/20 nm ex- 
citation filter and 535/20 lun emission filter during 10 
days. O transf ected cells, ■ control cells. 

20 Figure 10, cell number dependent curve for 

Amaxa Nucleof ector™ technology transfected h-umem chondro- 
cytes (P2) expressing CMV-GFP in 3D agarose disc culture 
within a 95-well plate, transf ection rate 40%. GFP ex- 
pression measured with BMG Fluostar, 485/20 nm excitation 

25 filter and 535/20 nm emission filter at day 2. 

Figure 11, cell number dependent curve for 
FugeneS transfected porcine chondrocytes (P2) expressing 
COIil-lucif erase in 3D agarose disc culture within a 96- 
well plate, transf ection rate 15%. Lucif erase expression 

30 measured with a Berthold Detection System MPL2 luminome- 
ter at day 1. 

Figure 12, time dependent curve for 2x10^ ad- 
enovirus infected porcine chondrocytes (P2) expressing 
CMV-GFP seeded on polyHEMA within a 9 6 -well -plate, trans - 

35 f ection rate 90%. GFP expression measured with BMG 

Fluostar, 485/20 nm excitation filter and 535/20 nm emis- 
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sion filter during 10 days. O transfected cells, ■ con- 
trol cells . 

Figure 13, cell number dependent curve for 
adenovirus infected porcine chondrocytes (P2) es^ressing 
5 CMV-GFP seeded on polyHEMA within a 96-well plate, trans- 
fection rate 90%. GFP expression measured with BMG 
Fluostar, 485/20 nm excitation filter and 535/20 nm emis- 
sion filter at day 3 . 

Figure 14, adenovirus infected porcine chon- 

10 drocytes (P2) expressing CMV-GFP seeded on polyHEMA in a 
96-well plate, a) Image taken by light microscope on day 
1 . b) Image taken by fluorescence microscope with a 
470/40 nm excitation filter, a 495 nm beamsplitter and a 
525/50 nm emission filter on day 5. 

15 Figure 15, adenovirus infected osteoarthritic 

human chondrocytes (P2) expressing CMV-GFP, 16 hours af- 
ter infection. Image taken by fluorescence microscope 
with a 470/40 nm excitation filter, a 495 nm beamsplitter 
and a 525/50 nm emission filter. 

20 Figure 16, growth curve of primary human ar- 

ticular chondrocytes (P2) cultured on Osteologies discs 
and standard tissue culture plastic. Cell counts by 
trypan blue exclusion method at day 0, 2, 4 and day 7. O 
cells on Osteologic™' disc, ■ cells on standard tissue 
• 25 culture plastic . 

Figure 17, growth of hiiman chondrocytes on 
standard tissue culture plastic vs. Osteologic™ discs. 
Passage 3 cells stained with PAS stain at day 7. a) human 
chondrocytes on standard tissue culture plastic, b) same 

30 cells grown on Osteologic™ disc. 

Figure 18, Amaxa Nucleof ector'" technology 
transfected human chondrocytes (PO) expressing SOX9-GFP, 
transfection rate 35%, showing functionality of the 
cloned promoter-reporter construct. Image taken by fluo- 

35 rescence microscope with a 470/40 nm excitation filter, a 
495 nm beamsplitter and a 525/50 nm emission filter. 
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Figure 19, Amaxa Nucleof ector"* technology 
transfected himan chondrocytes (PO) expressing C0L1-6FP, 
transfection rate 18%, showing f\inctionality of the 
cloned promoter-reporter construct. Image taken by fluo- 
5 rescence microscope with a 470/40 nm excitation filter, a 
495 nm beamsplitter and a 525/50 nm emission filter. 

Figure 20, Amaxa Nucleof ector*" technology 
transfected hiaman chondrocytes (PO) expressing C0L2-GFP, 
transfection rate 10% showing functionality of the cloned 

10 promoter-reporter construct. Image taken by fluorescence 
microscope with a 470/40 nm excitation filter, a 495 nm 
beamsplitter and a 525/50 nm emission filter. 

Figure 21, Amaxa Nucleof ector"* technology 
transfected human chondrocytes (PO) expressing COMP-GFP, 

15 transfection rate 39%, showing functionality of the 

cloned promoter-reporter construct. Image taken by fluo- 
rescence microscope with a 470/40 nm excitation filter, a 
495 nm beamsplitter and a 525/50 nm emission filter. 

Figure 22, Amaxa Nucleof ector™ technology 

20 transfected human chondrocytes (PO) expressing aggre- 
canase-1 (ADAMTS4) -GFP, transfection rate 37%, showing 
functionality of the cloned promoter-reporter construct. 
Image taken by fluorescence microscope with a 470/40 nm 
excitation filter, a 495 nm beamsplitter and a 525/50 nm 

25 emission filter. 

Figure 23, Amaxa Nucleof ector™ technology 
transfected hiiman chondrocytes (PO) expressing MMP2 
short-GFP, transfection rate 15%, showing functionality 
of the cloned promoter-reporter construct. Image taken by 

30 fluorescence microscope with a 470/40 nm excitation fil- 
ter, a 495 nm beamsplitter and a 525/50 nm emission fil- 
ter. 

Figure 24, Amaxa Nucleof ector™ technology 
transfected humein chondrocytes (PO) expressing MMP2 long- 
35 GFP, transfection rate 17%, showing ftinctionality of the 
cloned promoter-reporter construct. Image taken by fluo- 



wo 03/106705 



14 



PCT/CH03/00377 



rescence microscope with a 470/40 rm excitation filter, a 
495 nm beamsplitter and a 525/50 ma emission filter. 

5 Modes for Carrying Out the Invention 

Definitions 

Bioinductive: refers to a natural or syn- 
thetic biomaterial that influences cells in such a way to 
10 preserve or induce a differentiated phenotype, even in 

the absence of exogenously added growth factors. Skelite^ 
is a good example for a bioinductive or osteoinductive 
material . 

Non-des true tive/non- invasive: refers to an 
15 assay and allows the measurement of key parameters with- 
out destroying the current cell culture. 

Real-time: refers to a direct measurement of 
signals produced by reporter molecules related to the 
cell-based assay described in the current invention 
20 3D: refers to a cell culture system where 

cells are kept in a three-dimensional condition to pro- 
vide a tissue-like environment and therefore allows to 
preserve or induce a differentiated phenotype of the 
cells . 

25 3D micro-cultures: refers to three dimen- 

sional cell culture conditions optionally including bio- 
materials or scaffolds where cells are kept in a tissue- 
like environment which preserves or induces a differenti- 
ated phenotype of the cultivated cells and requires only 

30 a limited amount of cells in order to qualify for high 
throughput applications. 

2D: refers to the expansion of cell cultures 
in an anchorage dependent condition on the surface of a 
plastic or any other biomaterial substrate. 

35 Promoter-reporter constructs: are various 

constructs where a promoter or a transcriptional element 
thereof is linked to reporter molecules such as green 
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fluorescent protein or luciferase to perform real-time 
and non-destructive measurements in cell cultures. 

Skelite™ (Millenium Biologix Inc., Canada): 
is a synthetic bioactive bone biomaterial on basis of 
5 calcixim phosphate. This exceptional biological perform- 
ance is based on a chemical composition and physical 
structure that mimics natural bone. 

J?ead-out: in the present context, the term 
read-out is used for qualitative and quantitative assess - 

10 ment of signals produced by reporter molecules that are 
e.g. detected by a conventional standard fluorescence 
plate reader or a fluorescence microscope. Since cell 
culture parameters have been adapted to various multiwell 
plates, easy and convenient read-out through conventional 

15 standard plate readers has been achieved. This allows 

statistical determination of parameters such as accuracy, 
reproducibility and detection limit. These are important 
aspects for the adaptation to high throughput systems in 
drug screening applications. 

20 GFP: in the present context, the term "green 

fluorescent protein" is intended to indicate a protein 
which, when es^ressed by a cell, emits fluorescence upon 
exposure to light of the correct excitation wavelength 
(Chalfie et al. 1994). 

25 Luminophore: the liiminophore is the component 

that allows to be visualized and/or recorded by emitting 
light related to the degree of influence. 

30 Detailed Description of the Invention 

The present invention provides a novel cell- 
based screening assay on basis of gene-reporter technol- 
ogy and variants thereof that may optionally include bio- 
35 materials and scaffolds, either natural or synthetic 

ones, to mimic the environmental nature of a given tissue 
within cell culture conditions on a small-scale level. 
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Thus, more fvmctional screening of cellular events will 
be feasible on a high throughput level. Most preferably, 
the disclosed cell culture conditions in combination with 
transfected cells are suitable to cultivate cells derived 
5 from musculoskeletal tissues or cells being able to dif- 
ferentiate in such tissues. 

While growth and maintenance of cells in 3D 
culture provide cell-cell and cell -matrix interactions as 
they occur in vivo, growth of cells in 2D culture lacks 

10 these interactions and represents therefore a rather ar- 
tificial situation. Hence, such culture conditions are 
only suitable for proliferation studies and not for ex- 
perimental conclusions requiring a differentiated pheno- 
type. Altliough this is well known, most commercial cellu- 

15 lar assays including gene-reporter assays are based on 
cultivation of cells on plastic culture flasks - In lim- 
ited cases it may become possible to improve the experi- 
mental situation of 2D cultures by simply replacing the 
artificial plastic culture substrate by a thin layer of a 

20 more appropriate biomaterial. This may then allow to cir- 
ctomvent the need of much more complex 3D cell culture 
conditions. A good example for this is the Osteologic™ 
(Millenium Biologix Inc., Canada) bone cell culture sys- 
tem which consists of sub-micron synthetic calciiim phos- 

25 phate thin films coated onto various culture vessels. 
Thus, it has been demonstrated to assess osteo- 
clast/osteoblast activity and growth in a more biological 
relevcint manner. Recent studies have shown that beyond 
bone cells also chondrocytes grow significantly better on 

30 Osteologic™ substrate than on traditional tissue culture 
plastic. 

Another important aspect of the present in- 
vention are various 3D culture conditions allowing to 
screen cellular behavior of cells, most preferably those 
35 of musculoskeletal tissue or precursor cells under condi- 
tions that strongly support differentiation along a de- 
sired lineage pathway or maintain the corresponding fully 
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differentiated plienotype over an extended time in cul- 
ture. By transfecting the mentioned cell types with a 
corresponding gene-reporter construct such as described 
in this invention, monitoring of cell differentiation and 
commitment to the respective cell lineage is possible. 
Such screening assays will also aid in the development of 
drug candidates or drug targets by elucidating the func- 
tion of those drugs or genes during differentiation along 
the lineage pathway. Alternatively, by using already dif- 
ferentiated cells of healthy tissue and comparing those 
with cells from pathological tissue such as cells derived 
from tissues of arthritic joints, highly efficient 
screening of drugs can be achieved. The 3D culture system 
of the embodiment may include some natural or synthetic 
scaffold material like alginate, agarose, hyaluronic 
acid, Skelite™ or any other material providing a three 
dimensional structure where cells can communicate with 
each other via autocrine and paracrine factors as well as 
have the appropriate feedback from extracellular sub- 
stances such as they occur in vivo. 

The invention also encompasses the downscale 
or adjustment of the described 3D culture conditions to 
multiplate culture formats, e.g. 96 or 384-multiwells, 
such as these 3D culture conditions for cellular screen- 
ing may contain only a few cells up to a couple of thou- 
sands per culture system and qualify for high throughput 
applications by providing a readily machine readable sig- 
naling with e.g. standard plate readers. This is of major 
advantage since 3D cultures often require a large amoxint 
of cells and are therefore per se not applicable for ef- 
ficient screening of agents, if biological more relevant 
primary cell sources shall be the basis for cellular 
screening . 

The current invention will therefore provide 
a platform for small-scale 3D tissue cell culture systems 
by combining proper biomaterials together with key marker 
promoter-reporter constructs. Through this downscale 
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costly culture material, cells and testing substances, 
e.g. growth factors, hormones or any other culture media 
components, can be saved. Another major benefit is the 
possibility to adjust such small-scale on-line and non- 
destructive screening assays to commonly used multiwell 
plates (96 to 384-well plates) to achieve fast, simple 
and convenient reporter read-out" by means of conven- 
tional standard plate readers besides other analytical 
tools, e.g. a fluorescence microscope. 

The current invention also provides a new set 
of human promoter-reporter constructs that can be used to 
transfect primary cells, cell lines or even to prepare 
transgenic animals such as transgenic mouse lines that 
express the reporter under the control of a promoter. The 
scope of this part of the invention is described in the 
following by means of a few examples. 

The current invention provides a method for 
screening agents as candidates for drugs or growth fac- 
tors for enhancing the formation of new cartilage tissue 
in vitro. Cells transfected with a construct comprising 
the hxaman COL2 or equivalent thereof, e.g. synthetic 
ectuivalent thereof, or in combination with the human COLl 
promoter or any other promoter element ligated to dis- 
tinct reporter gene, are cultivated in 3D systems and 
treated with an activator of the C0Ii2 promoter. The agent 
being screened may be tested for its ability to stimulate 
the C0L2 promoter. The agent is a candidate as a drug or 
source of a drug being able to induce collagen type II 
expression in vitro and to increase new tissue foannation. 
While collagen type II is being stimulated by the 
screened drug, COLl expression in contrast will be re- 
duced since it is a negative marker for the differenti- 
ated phenotype of hyaline cartilage. While a recent paper 
pxiblished by Bergwitz et al., 2001 describes the trans- 
fection of chondrocytes with a rat promoter of collagen 
type II, one has to realize that promoter elements may be 
very species specific. While some elements of the C0L2 
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promoter will be necessary in the rat some of the same 
regulatory elements will not be needed in hioman or vice 
versa. Therefore, even if highly identical sequential re- 
gions exist on both promoters they may behave in a com- 
5 plete different way in vivo. This is fxindamental and may 
have strong effects when agents are screened in cultures 
and may prevent the discovery of new lead compounds or 
negatively influence lead optimization that may not be 
obvious. This invention therefore preferably applies to 
10 the use of hioman promoter elements transf ected in the 
background of human cells. 

In accordcince with a further embodiment the 
invention provides a method for the assessment of the 
chondrocyte phenotype by using promoter elements of the 
15 h\aman S0X9 and COMP genes . Both genes are chondrogenic 

markers that can be used to indicate chondrogenic differ- 
entiation of precursor cells or to detect the recovery 
and maintenance of the differentiated phenotype of ar- 
ticular chondrocytes follwowing expansion in 2D culture. 
20 Cell cultures transfected with the above promoter- 
reporter constructs will be screened with agents that may 
induce and/ or maintain the differentiated phenotype in 
vi tro . 

The current invention discloses also a method 
25 for screening agents as candidates for drugs for prophy- 
laxis or treatment of mammalian disorders caused or medi- 
ated by aggrecanase-1 (ADAMTS4) expression. Thus, cells 
may be transfected in a cell background that strongly in- 
duces aggrecanase-1 expression e.g. rheumatoid or osteo- 
30 arthritic cell sources transfected with a construct con- 
taining a transcriptional promoter element from the human 
aggrecanase-1 gene or equivalent thereof, e.g. synthetic 
equivalent thereof, ligated to a reporter gene and culti- 
vated as 3D micro cultures optionally on/within a bioma- 
35 terial/scaf f old. Another experimental set-up would in- 
clude healthy chondrocytic cells transfected with a con- 
struct containing a transcriptional promoter element from 
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the hvunan aggrecanase-1 gene or equivalent thereof, e.g. 
synthetic equivalent thereof, ligated to a reporter gene 
and cultivated as 3D micros t rue tures optionally on/within 
a biomaterial/ scaffold and treated with an inducer of the 
5 aggrecanase-1 promoter activity e.g. interleukin 1. The 
.agent being screened is then tested for its ability to 
suppress promoter activity. The agent is a candidate as a 
drug or source of a dorug for prophylaxis or treatment of 
mammalian disorders caused or mediated by aggrecanase-1 
10 expression if the agent reduces stimulated promoter ac- 
tivity. Where sin agent is determined to inhibit stimula- 
tion of aggrecanase-1 promoter, this indicates a higher 
likelihood of inhibiting any degradation of cartilage ma- 
trix. 

15 The current invention discloses also a method 

for screening agents as drug candidates for prophylaxis 
or treatment of mammalian disorders caused or mediated by 
expression of matrix metalloproteinases (MMPs) . MMP's 
e.g. MMP2 play an important role in the evolution of 

20 joint erosions in patients with non- inflammatory osteoar- 
thritis and inflammatory rheumatoid arthritis. The ge- 
latinase MMP2 has further shown to be involved in cancer, 
above all in tissue- invasive metastatic diseases. 

MMP promoter elements linked to reporter 

25 molecules like e.g. GFP can thus be used not only to 
study cartilage degenerative processes taking place in 
arthritic conditions but also can be applied to study the 
obstacles of cancer development and progression via me- 
tastasis formation. In both processes the degradation of 

30 the extracellular matrix is taking place and this process 
can be best studied by using biological relevant cell 
culture conditions where the cells behave similar to the 
in vivo situation. Cells may then be transfected into a 
cell background that strongly induces MMP expression e.g. 

35 rheumatoid or osteoarthritic. or tumor cell sources, with 
a construct containing a transcriptional promoter element 
from the human MMP2 gene or equivalent thereof, e.g. syn- 
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thetic equivalent thereof, ligated to a reporter gene and 
cultivated as a 3D micro culture optionally on/with a 
bioinaterial/scaf f old. This cell culture system may then 
be screened with agents that may suppress the expression 
of the reporter molecule, indicative for a molecule that 
will allow to reduce MMP expression also in vivo. Another 
experimental set-up would include e.g, primary human 
cells isolated from healthy cartilage tissue and trans- 
f ected with a construct containing a transcriptional pro- 
moter element from the human MMP gene or equivalent 
thereof/ e.g. synthetic equivalent thereof, ligated to a 
reporter gene and grown optionally on/within a biomate- 
rial/scaf f old and treated respectively with an inducer of 
MMP promoter activity e.g. Tumor Necrosis Factor a. The 
agent being screened is then tested for its ability to 
suppress stimulation of the promoter and a potential can- 
didate as a drug or source of a drug for prophylaxis or 
treatment of mammalian disorders from cartilage degenera- 
tion. 

While the reporter molecule will preferen- 
tially be firefly luciferase and GFP or any other fluo- 
rescence molecule, other reporter systems for use for 
this piirpose include, for example beta-galactosidase gene 
(beta -gal) and chloramphenicol and acetyl transferase gene 
(CAT) . Assays for expression produced in conjunction with 
each of these reporter gene elements are well-known to 
those skilled in the art. By preferentially having lucif- 
erase and GFP as reporter molecule, the advantage is of 
being able to perform real-time follow-up studies on cell 
cultures without the need to destroy the cells. A further 
advantage by having reporter molecules that allow non- 
destructive measurement is to be able to perform temporal 
and spatial analysis, a topic that is of major relevance 
when tissue-engineered constructs are grown in vitro. 
This allows monitoring cell relevant marker gene expres- 
sion in these cell culture systems in a real-time and 
non-destDTUCtive manner and to determine whether the cells 
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in the grown tissue are equally differentiated and well 
nourished. Especially when having 3D cultures that are 
cultivated over an extended time, e.g. four weeks as it 
is the case in the field of cartilage tissue- engineering, 
5 it may be of great advantage to follow the development of 
the same tissue in vitro without destroying the material. 

The current invention does not only cover the 
aspect of having single promoter-reporter elements in one 
cell. The combination of several vectors containing one 

10 or more promoter elements in the same cells e.g. co- 
transfection with cDNA libraries in the same cell may 
also be disclosed. This may be of major importance when 
screening new proteins that may act as inductors or re- 
pressors on the reporter construct to be tested. In such 

15 a screening process libraries containing expression vec- 
tors where cDNA are linked to a constitutive promoter 
like e.g. CMV may be co-transf ected with to be analyzed 
promoter- reporter construct and screened for the induc- 
tion or repression of the reporter molecules. This will 

20 allow to detect new tsirget molecules e.g. transcription 
factors and to identify new lead compounds for clinical 
applications . 

The current invention also encompasses cell 
lines that are derived from the above mentioned trans fec- 

25 tion or co-transf ection experiments, these cell lines can 
then be used as standard elements during further screen- 
ing processes for the discovery of new molecules . 

The current invention has disclosed a novel 
cell -based screening tool that may be applicable for 

30 screening of. drugs, growth factors or any other benefi- 
cial components during development of cellular or tissue- 
engineered therapies. It does not matter whether the do- 
nor cells are from an autologous, allogeneic, xenogeneic 
cell source or whether the cells are non-differentiated 

35 precursor cells or already fully differentiated cells. 
Furthermore, an in vitro screening system that allows to 
be performed on miniaturized 3D tissue-like cultures has 
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not been disclosed before and enables a more reliable 
validation of cellular targets, to assess more precisely 
toxicological responses and to increase the probability 
of success of new leads in the clinic. 
5 While US 6 '200 '760, US 6 '083 '690 and US 

6 '338 '944 describe methods of screening agents in combi- 
nation with gene promoter-reporter constructs, these in- 
ventions have not properly addressed the biological rele- 
vance of any cellular screening event, above all in con- 
ic text with the important issue to simultaneously allow ac-* 
curate and reliable read- out on a higher throughput 
level. Other patents like US 5 '858 '721 have disclosed the 
method of 3D system cultivation for tissue-engineering 
applications but have not considered the application of 
15 using such systems within micro scale cultures to be used 
within 96 or 3 84-well 

Therefore, applications may even include the 
possibility to screen the toxicity of new chemicals and 
drugs as an important alternative to animal models for 
20 e.g. the cosmetic industry. By cultivating cell popula- 
tions in a three dimensional system new drugs or mole- 
cules can be tested more thoroughly since a tissue-like 
system is provided. Cell-based screening tools may be the 
preferred technique in drug discovery, because it gener- 
25 ates leads with a higher probability of progressing to 
clinical trials. Another important aspect includes the 
detenaination of dose response curves for new drugs and 
can be useful in the field of pharmakokinetics . Cells 
isolated from a patient and cultured under 3D conditions 
30 disclosed in the invention may then be used to assess 

further treatment by choosing the best of a selection of 
drug molecules. Furthermore, cells can be isolated on 
later stage and checked for disease progression. There- 
fore, the current invention relates to the application 
35 for cell-based diagnostics. 

Another important aspect of the current in- 
vention is the use of the screening assay as a quality 
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control for cell/tissue-based therapies for product and 
material testing. Because compendial methods do not yet 
exist, meaningful assays are required and need to be 
validated to. monitor performance of key components such 
5 as the cell source or any biomaterial to be included. The 
herein described assay may be especially suitable for de- 
termining the cell potency of any cell source, e.g. 
autologous, allogeneic, xenogeneic or genetically engi- 
neered cells. A critical test could be to ascertain the 

10 necessairy proliferative and/or differentiation capability 
of the cell source. Within any cell therapeutic approach 
such as autologous chondrocyte implantation (ACI) it 
would be possible to monitor the differentiation ability 
after lot release of the product and to better control or 

15 assess the clinical outcome of such a therapy. In case of 
a tissue-engineered product that requires further culti- 
vation in 3D for a certain time period following cellular 
expansion, a screening assay of this invention could be 
used, e.g. along with other quality control tests as a 

20 checkpoint for lot release of the final implant. 

Yet another importeuit aspect of the described 
invention is the use of this screening assay as a diag- 
nostic tool. In this sense, donor cells from autologous, 
allogeneic, or xenogeneic sources, e.g. healthy living 

25 adults, fetals, and/or cadavers may be checked for their 
suitability (cell potency) within a cell/tissue- 
engineered therapy. Further, the corresponding cells may 
be analyzed in the clinic for their proliferative and/or 
differentiation ability in order to decide on the most 

30 promising therapy. This may be a cellular therapy, a tis- 
sue-engineered therapy, or in case of a negative diagno- 
sis with the disclosed assay, a traditional surgical ap- 
proach. It may also be the case that the diagnostic assay 
will monitor the cellular status of the donor source and 

35 in case of any pre-determined deficiencies correct these 
by e.g. adding the required growth factor (s), hormones, 
pharmaceutical agent etc. 
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A further application of the current inven- 
tion may include the assessment of the performance of 
biomaterials in combination with cells or tissue. Cells 
or tissues containing trans fee ted cells with appropriate 
5 promoter-reporter constructs may be used to assess the 
inductive potential of biomaterials regarding their po- 
tential of inducing new tissue formation or preserving 
the differentiated phenotype. Biomaterials that will 
positively influence the cultivated cells with respect to 

10 inducing differentiation or preserving the correct pheno- 
type may show a higher expression of the reporter mole- 
cule according to the selected marker promoter. This may 
then be indicative of a positive feedback of the material 
to the cell and will help to better design and adapt new 

15 materials to the corresponding cells or tissue. 

In yet another aspect, the biomaterials 
coated with a key marker promoter-reporter construct may 
be used to assess the degradation or resorption of the 
biomaterial in vivo or in vitro. When biomaterials are 

20 resorbed in vivo or in vitro plasmid released from the 

material will transfect surrotinding cells. If an adequate 
promoter- reporter molecule is used the surrounding cells 
will then express a reporter molecule e.g. GFP indicative 
for the released vector molecules and resorption and deg- 

25 radation can be studied. 

The current invention may also be used to 
study new in vitro tissue formation on a larger scale by 
using transfected cells with selected promoter-reporter 
molecules. These cells may then be grown in vitro or in 

30 vivo and tissue formation can be assessed by determining 
the expression of the reporter molecule. A similar ex- 
perimental setup may be used and performed in animal 
model, were transfected cells with corresponding pro- 
moter-reporter constructs may be included in the trans - 

35 planted tissue to follow the development of the tissue in 
vivo. 
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The invention is now further described by 
means of examples. 

5 Example 1 

3D micro cell culture models mimicking a car- 
tilage tissue- like environment 

Useful for 3D culture conditions that can be 
10 downscaled to e,g. 96 or 384-well format, suitable for 
e.g. high throughput screening applications or to be ap- 
plied as a quality control tool within cell-based thera- 
pies • 

15 Cell Isolation and propagation 

Articular cartilage was harvested from 
healthy yoiing (6 months) pigs or human donors (age 56 and 
79 years) . Minced cartilage pieces were digested with 
0.025% (weight /volume) collagenase and 0.015% 

20 ( weight /volxuae) pronase in DMEM/F-12 containing 5% fetal 
calf serum (PCS) , 73 ug/ml ascorbic acid, lOOIU/lOOvig/ml 
penicillin/streptomycin, 1 pg/ml insulin, 50 ]ig/ml genta- 
mycin, 1.5 iig/ml amphotericin B, 2.5% Hepes buffer for 16 
hours at 37°C in 5% CO2- Isolated chondrocytes were spun, 

25 resuspended in complete medium, counted and plated at a 
density of 5x10^ cells per cm^. Cells were routinely pas- 
saged at confluence (every 5-7 days) . Proliferation me- 
dium was DMEM/F-12 containing 10% FCS, 14.5 pg/inl ascor- 
bic acid and 50lU/50vig/ml penicillin/streptomycin. 

30 

Transfection and 3D cell culture conditions 

To prepare transfected cells that will be 
used for micro 3D cultures, three different transfection 
methods were applied. 
35 a) Viral infection using adenovirus (AV) 

5x10* chondrocytes per 24-well were infected 
with AV (MOI=100) containing GFP under the control of a 
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CMV promoter, for 16 hours in DMEM/F-12 containing 2% FCS, 
14-5 ug/ml ascorbic acid and SOlU/SOpg/ml penicil- 
lin/streptomycin . 

b) Amaxa Nucleof ector™ technology 
Human chondrocytes were transf ected with 

pGFP-CMV using Amaxa Nucleof ector™ technology. Briefly, 5 
pg plasmid were mixed with 5x10^ cells in 100 \il nucleo- 
fection solution and subsequently nucleofected using pro- 
gram U-24 from Amaxa Nucleof ector™ technology. Trans- 
fee ted cells were plated in a 6 -well plate, medium was 
changed after 24 hours. 

c) Iiipid based transf ection method using 

FugeneS 

2.5x10^ cells were transf ected in a 6-well 
plate using FugeneS, Roche, Switzerland, with a plasmid 
containing the luciferase gene under the control of a 
collagen type I promoter, kindly provided by F. Ramirez, 
New York. 3 iil reaction reagent per l\ig DNA was used. 
Transf ection reagent was removed after 24 hours. To de- 
termine transf ection rate, a co-tremsf ection with pGFP- 
CMV was performed. 

Subsequently, cells were detached from mono- 
layer culture and put in one of the following tissue-like 
culture cultivation methods described below. In all 
cases, cells were then maintained in differentiation me- 
dium DMEM/F-12 with 10% FCS, 1 ug/ml Insulin, 73 ug/ml 
ascorbic acid at 37®C and 5% CO2- Untransf ected chondro- 
cytes were used as control. 

Monitoring 6FP e3q>ression in 3D cultures 

Transf ected cells, e.g. porcine chondrocytes 
were qualitatively monitored using a Zeiss Axiovert 25. 
The cells were illuminated with a SOW HBO arc lamp. In 
the light path was a 470/40 nm excitation filter, a 495 
nm beamsplitter and a 525/50 nm emission filter. Images 
were taken using Kodak EDAS290 directly mounted to the 
microscope. For quantitative measurement of expression 
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intensity, transfected chondrocytes were measured with 
BMG Fluostar optima plate reader using 485/20 nm excita- 
tion filter and 535/20 emission filter. 

Monitoring luciferase expression In 3D cul- 
tures 

Transfected cells, e.g. porcine chondrocytes 
were monitored using a Berthold Detection System MPL2 lu- 
minometer. Expression intensity of luciferase was meas- 
ured 5 minutes after adding lOOpl PBS and 100 ul Pro- 
mega 's Bright -Glo™ reagent per 96-well for lOi seconds. 

Monitoring calceln-AM / propldlum Iodide 
stained cells 

Cells were stained using 1 ijg/ml calcein~AM 
and 1 p.g/ml propidiiom iodide in phosphate buffered saline 
(PBS) per 2x10^ cells for 10 minutes. The cells were il- 
luminated with a SOW HBO arc lamp. In the light path was 
a 470/40 nm excitation filter, a 495 nm beamsplitter and 
a 525/50 nm emission filter to monitor life cells (green) 
and a 535/50 nm excitation filter, a 580 nm beamsplitter 
and a 590LP nm emission filter to monitor dead cells 
(red) . Images were taken using Kodak EDAS290 directly 
mounted to the microscope. 

Micro 3D tissue-like culture metliod 1 - algi- 
nate discs 

1x10^, 1.5x10^ or 2x10^ AV infected porcine 
chondrocytes from passage 2 {P2) , with a transfection 
rate of 90%, containing the GFP gene under the control of 
a CMV promoter were spun and suspended in 80 p-l 1»2% 
alginate Keltone LV dissolved in 0.9% NaCl, seeded into 
96-well plates pre-coated with a 0.1 M CaCl2-soaked iso- 
pore polycarbonate membrane filter (Millipore, Switzer- " 
land) and let be polymerized for 75 minutes at room tem- 
perature. Alginate discs were cultivated in differentia- 
tion medium as described above. GFP expression intensity 
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was measured during 12 days using BMG Fluostar optima. 
Significant GFP expression can be measured during 6 days 
for all cell numbers used, example with 2x10^ cells per 
well can be seen in Figure 1. GFP expression correlates 
with increasing cell nvuhber as can be seen e.g. on day 2 
of the experiment. Figure 2. Simultaneously, alginate 
discs were monitored visually with Zeiss Axiovert 25, 
Figure 3. At the last day of the experiment, day 12, 
cells were tested for viability using calcein AM and 
propidium iodide staining. Over 90% viability could be 
observed. Figure 4 . 

Micro 3D tissue-like cult:ure method 2 - aga- 
rose discs 

15 a) 1x10^, 1.5x10^ or 2x10^ AV infected P2 por- 

cine chondrocytes, containing the GFP gene under the con- 
trol of a CMM promoter were suspended in 20 |il DMEM/F-12, 
mixed with 2% agarose (low-melting, Fluka) kept at 45°C 
and pipeted quickly into 96-well plates and let be gelled 

20 for 10 minutes at 4^0. Agarose discs were cultivated in 
differentiation mediina as described above. GFP expression 
intensity was measured during 13 days using BMG Fluostar 
optima. Significant GFP expression can be measured during 
at least 7 days for all cell nxmbers used, example with 

25 2x10^ cells per well can be seen in Figure 5. GFP expres- 
sion correlates with increasing cell number as can be 
seen e.g. on day 2 of the experiment. Figure 6. Simulta- 
neously, agarose discs were monitored visually with Zeiss 
Axiovert 25, Figure 7. At the last day of the experiment, 

30 day 13, cells were tested for viability using calcein AM 
and propidium iodide staining. Over 90% viability could 
be observed, Figure 8 

b) 1x10^, 1.5x10^ or 2x10^ with Amaxa Nucleo- 
fector™ technology transfected P2 human chondrocytes with 

35 a trans feet ion rate of 40% containing the GFP gene xinder 
the control of a CMV promoter were seeded in agarose and 
measured for GFP expression intensity during 10 days as 
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described a±>ove. Significant 6FP expression can be meas- 
ured during 8 days for all cell numbers used, example 
with 2x10^ cells per well can be seen in Figure 9. GFP 
expression correlates with increasing cell number as can 
be seen e.g. on day 2 of the experiment. Figure 10. At 
the last day of the e^^eriment, day 10, cells were tested 
for viability as described above. Over 90% viability 
could be observed. 

c) Alternatively, 1x10*, 3x10*, 5x10* or 7x10* 
with Fugene6 transfected P2 porcine chondrocytes contain- 
ing the luciferase gene under the control of a COLl pro- 
moter were seeded in agarose as described above. Lucifer- 
ase expression intensity was measured as described in 
'Monitoring luciferase expression in 3D cultures' at day 
1. Transfection rate was 15%, determined as described 
above. Figure 11 shows that luciferase expression corre- 
lates with increasing cell number and that only 1500 
transfected cells are needed to obtain statistically 
relevant data. Cells were tested for viability using cal- 
cein AM and propidium iodide staining. Over 90% viability 
could be observed. 

Micro 3D tissue- like culture method 3 - poly- 

HEMA 

9 6 -well plates were coated 24 hours before 
use with 64 iil/cm^ 10% polyHEMA {Polysciences , Europe 
GmbH) in 95% ethanol and let be dried in sterile environ- 
ment over night. 1x10^, 1.5x10^ or 2x10^ transfected P2 
porcine chondrocytes containing the GFP gene under the 
control of a CMV promoter were seeded into pre-coated 96- 
well plates and cultivated and measured for GFP expres- 
sion intensity during 10 days as described above. Sig- 
nificant GFP expression can be measured during 6 days for 
all cell numbers used, example with 2x10^ cells per well 
can be seen in Figure 12 . GFP expression correlates with 
increasing cell number as can be seen e.g. on day 3 of 
the experiment. Figure 13. Simultaneously, cells on poly- 
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HEMA were monitored visually with Zeiss Axiovert 25, Fig- 
ure 14. At the last day of the experiment, day 10, cells 
were tested for viability as described above. Over 90% 
viability could be observed. 

Example 2 

Useful for the automated production of 3D mi- 
cro cell cultures that can be used to study promoter- 
reporter events in biological relevant tissue-like envi- 
ronment using high throughput screening applications. 

A suitable cell line, e.g. primary chondro- 
cytes is expanded until the number of required cells is 
obtained- Cells are transfected using one of the methods 
described in example 1 with the promoter-reporter con- 
struct of interest, e.g. GFP under the control of COL2 . 
Transfected cells are detached and put in a downscaled 
version of any of the 3D tissue-like culture systems de- 
scribed in example 1 using a pipeting robot. The cell so- 
lution is e.g. mixed in a ratio 1:1 with 2% agarose at a 
temperature of 45^C and pipeted into a 384-well plate. 
For polymerization the plate is incubated for 10 minutes 
at 4®C. Subsequently, the plate is cultivated under stan- 
dard differentiating culture conditions as described in 
example 1. Factors or components of the extracellular ma- 
trix, which promote the process of growing and differen- 
tiating, are added and e^^osed to e.g. a differentiating 
medium. Plates are measured automatically for GFP expres- 
sion intensity using a standard fluorescence plate reader 
at time points of interest. Expression profile gives in- 
formation about which factors or components enhance or 
repress extracellular matrix formation, respectively. 

Any of the 3D tissue-like cell culture meth- 
ods described in example 1 is suitable for downscaling 
and to be used within automated high throughput screening 
applications. Alginate solution containing transfected 
cells may be pipeted in 384-well plates containing iso- 
pore polycarbonate membrane membranes (Millipore, Swit- 
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zerland) soaked with O.M CaCl2 at the bottom. To seed 
treu:isfected cells on polyHEMA (Poly sciences, Europe GmbH) 
pre-coated 384-well plates may be used. 

For all systems, untransf ected cells are used 

as control . 

Example 3 

Clinical Quality control tool for the assess- 
ment of cell -based therapies 

Useful e.g. as quality control and diagnostic 
tool for cell cultures used within cell-based therapies, 
like e.g. autologous chondrocyte transplantation (ACT) or 
quality assurance of In vitro engineered constructs. 

a) Human cells derived from a patient's tis- 
sue, e.g. cartilage are expanded and treated according to 
the cell-based therapy used. An aliquot of said cells is 
taken to gain knowledge about e.g. chondrogenic poten- 
tial, i-e. re-differentiation of chondrocytes or the ne- 
cessity of additional treatment. Cells of the taken ali- 
quot are then trans f ected with one of the methods de- 
scribed in example 1 with a key marker promoter-reporter 
construct, e.g. COL2-GFP to monitor redif f erentiation in 
chondrocytes, and are cultivated in the appropriate 3D 
micro tissue- like culture system. From grown constructs 
chondrogenic potential is assessed measuring GFP expres- 
sion intensity using a standard fluorescence plate 
reader. The result, combined with e.g. cell viability re- 
veals information about the chondrogenic potential and/ or 
whether additional treatment e.g. factor adding or a com- 
plementing therapy is required. 

b) To assess quality and characteristics of 
the cells used during in vitro production of tissue- 
engineered e.g. cartilage like constaructs an aliquot of 
the proliferated cells is transfected with one of the 
methods in exan^jle 1 with a key marker promoter-reporter 
construct e.g. C0L2-GFP. Subsequently the cells are cul- 
tured separately but in parallel in an appropriate 3D mi- 
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cro tissue-like culture system and GFP expression inten- 
sity is monitored. The cliondrogenic potential is assessed 
accordingly and correlated with previously defined proc- 
ess-relevant conditions. The correlation gives informa- 
tion whether the to be produced constructs fulfils the 
required specifications . 

Example 4 

cDNA expression library screening platform 
using 3D micro tissue-like cell cultures 

Useful for screening of cDNA expression li- 
braries in 3D micro tissue-like cell culture environment. 

In order to find e.g. an inducer of the col- 
lagen type II gene, CMV-driven cDNA expression libraries 
of interest are co-transf ected with a plasmid containing 
the promoter of collagen type II in front of the lucifer- 
ase gene into a selected cell line. The cells are culti- 
vated in one of the 3D micro tissue-like cell culture 
models as described in example 1 in e.g. 96-well plates 
and subsequently screened for lucif erase e^^ression in- 
tensity. DNA plasmid isolation from cells that show high- 
est luciferase ea^ression is performed. Obtained DNA is 
transformed into bacteria and amplified. Plasmid is iso- 
lated and co-transf ected again^ the screening for highest 
luciferase expression is repeated. This cycle may be per- 
formed several times to be sure to isolate only plasmid 
containing cDNA of .interest. cDNA on purified plasmid is 
sequenced and gene that influences promoter of interest 
may be identified. 

Example 5 

Useful for monitoring influence of various 
dorugs on primary osteoarthritic cell samples, e.g. osteo- 
arthritic chondrocytes. 

Cells, e.g. osteoarthritic hxaman chondrocytes 
are infected with a key marker promoter-reporter con- 
struct for osteoarthritis, ^.g. aggrecanase-1 (ADAMTS4)- 
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GFP or MMP2-GFP using a viral system to circiamvent known 
difficulties with plasmid transf ection. Figure 15 shows 
highly transfected osteoarthritic chondrocytes (P2) using 
AV with CMV-GFP. Infected cells are seeded into a 96-well 
5 plate treated with hypothetical factors and components to 
assess their potential in osteoarthritis treatment, i.e. 
down-regulation of e.g. aggrecanase-1 or MMP2 esqpression. 
Plates are measured for GFP expression intensity using a 
standard fluorescence plate reader- Effectiveness of fac- 
ie tors and components tested can be correlated to GFP sig- 
nal intensity, i.e. low GFP signal equals highly effi- 
cient osteoarthritic treatment. 

Example 6 

15 Chondrocyte cell culture on Osteologic™ 

H-uman chondrocytes isolated from sequential 
enzymatic digestion of a knee biopsy were cultured in 
DMEM/F12 supplemented with 10% FCS and lOOIU/lOOpg/ml 
penicillin/streptomycin. Cells were passaged once in T80 

20 Falcon flasks harvested and seeded onto Osteologic™ discs 
in 24 well plates at 1x10* cells per well at passage 2 
(P2) . Control wells were seeded directly into plastic 
wells without Osteologic™ discs on the same plate. Paral- 
lel plates were prepared for a time course study with 

25 cell counts taken at 0, 2, 4 & 7 days. Cells were tryp- 
sinized and counted by hemocytometer using the trypan 
blue method. Figure 16. A second set of plates was plated 
with the same cells after culturing in flasks for an ad- 
ditional passage (P3) . Plates were cultured for 7 days 

30 fixed with 1% gluteraldehyde in PBS and stained with a 

combined Periodic Acid Schiff stain (PAS) and alcian blue 
stain for detection of proteoglycans. Figure 17. 
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Example 7 

Hximan promoter for detection of Sox9 expres- 



wo 03/106705 



35 



PCT/CH03/00377 



Useful for monitoring of sex determining re- 
gion (SRY)-box containing gene 9 {SOX9) e^^ression. S0X9 
is e3<pressed during redif f erentiation in chondrocytes in 
3D tissue-like culture systems . 
5 A 750 bp fragment of the SOX9 promoter (Gen- 

Bank accession number: AB022194) as described by Kanai 
and Koopman, 1999 is amplified with primers SOX9 sense 
(SEQ ID NO 1) and SOX9 antisense (SEQ ID NO 2) for geno- 
mic PGR according to standard protocols. The PGR product 
10 is digested with restriction enzymes Hindlll and Kpnl and 
ligated into pEGFP-1 (Glontech, Switzerland, GenBank ac- 
cession number U55761) or into pGreenLantem (Gibco, 
Switzerland) digested with Hindlll and Kpnl. This pro- 
duces a plasmid containing GFP under the control of a 
15 SOX9 promoter. 

The resulting plasmid is transfected into a 
* suitable cell line, e.g. passage 0 (PO) hxunan chondro- 
cytes and SOX9 expression is monitored. Figure 18 shows 
that the constructed plasmid is functional. 



Example 8 

Hxaman promoter for detection of collagen type 
1 expression 

25 Useful for monitoring of collagen type I 

(COLl) expression. GOLl is expressed during dedifferen- 
tiation in chondrocytes in 2D culture systems . 

A 450 bp fragment of the a2(I) collagen pro- 
moter (GOLD (GenBank accession number: AF004877) as de- 

30 scribed by Inagaki et al., 1994 is amplified from a plas- 
mid kindly provided by F. Ramirez, New York with primers 
COLl sense (SEQ ID NO 3) and COLl antisense (SEQ ID NO 4) 
according to standard PGR protocols. The PGR product is 
digested with restriction enzymes Bglll and EcoRI and li- 

35 gated into pEGFP-1 (Glontech, Switzerland, GenBank acces- 
sion number U55761) or into pGreenLantem (Gibco, Swit- 
zerland) digested with Bglll. and EcoRI. This produces a 
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plasmid containing GFP imder the control of a COLl pro- 
moter . 

The resulting plasmid is transfected into a 
suitable cell line, e.g. PO hviman chondrocytes and COLl 
expression is monitored. Figure 19 shows that the con- 
structed plasmid is functional. 

Example 9 

Human promoter for detection of collagen type 
II expression 

Useful for monitoring of collagen type II 
(C0L2) expression. COIj2 is expressed during redifferen- 
tiation in chondrocytes in 3D tissue-like culture sys- 
tems . 

A 3.785 kb fragment of the a2(I) collagen 
promoter (COIi2) as described by Ghayor et al., 2000 is 
cut out from a plasmid kindly provided by L. Ala-Kokko, 
Oulu, Finland with restriction enzyme Pdil. The obtained 
fragment was ligated into pEGFP-1 (Clontech, Switzerland, 
.GenBank accession nuitiber U55761) or into pGreenLantern 
(Gibco, Switzerland) digested with Pdil. This produces a 
plasmid containing GFP under the control of a COL2 pro- 
moter . 

The resulting plasmid is transfected into a 
suitable cell line, e.g. PO human chondrocytes and 
COL2 expression is monitored. Figure 20 shows that the 
constructed plasmid is functional. 

Example 10 

Human promoter for detection of cartilage 
oligomeric matrix protein (COMP) es^ression 

Useful for monitoring of cartilage oligomeric 
matrix protein (COMP) expression. COMP is expressed dur- 
ing redif ferentiation in chondrocytes in 3D tissue-like 
culture systems . 
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A 750 bp fragment of the COMP promoter (Gen- 
Bank accession number: AP069520) as described by Deere et 
al., 2001 is amplified with primers COMP sense (SEQ ID NO 
5) and COMP antisense (SEQ ID NO 6) for genomic PCR ac- 
cording to standard protocols. The PCR product is di- 
gested with restriction enzymes Hindlll and BamHI and li- 
gated into pEGFP-1 (Clontech, Switzerland, GenBank acces- 
sion number U557 61) or into pGreenLantern (Gibco, Swit- 
zerland) digested with Hindlll and BamHI. This produces a 
plasmid containing GFP under the control of a COMP pro- • 
moter . 

The resulting plasmid is trans fected into a 
suitable cell line, e.g. PC hioman chondrocytes and COMP 
expression is monitored- Figure 21 shows that the con- 
structed plasmid is functional. 

Example 11 

Human promoter for detection of aggrecanase-1 

expression 

Useful for monitoring of aggrecanase-1 
(ADAMTS4) expression. Aggrecanase-1 is expressed during 
degradation of cartilage extracellular matrix, e.g. os- 
teoarthritic chondrocytes . 

A 1.2 kb fragment of the aggrecanase-1 pro- 
moter (GenBank accession number: AB039835) as described 
by Mizui et al . , 2000 is amplified with primers aggre- 
canase sense (SEQ ID NO 7) and aggrecanase antisense (SEQ 
ID NO 8) for genomic PCR according to standard protocols. 
The PCR product is cloned into PCR-Blunt II-TOPO vector 
(Invitrogen, Switzerland) . The newly generated plasmid is 
digested with restriction enzymes Hindlll and Kpnl and 
the obtained aggrecanase-1 fragment is ligated into 
pEGFP-1 (Clontech, Switzerland, GenBank accession number 
U55761) or into pGreenLantern (Gibco, Switzerland) di- 
gested with Hindlll and Kpnl. This produces a plasmid 
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containing GFP under the control of an aggrecanase-1 pro- 
moter • 

The resulting plasmid is transfected into a 
suitable cell line, e.g. human chondrocytes and aggre- 
canase-1 expression is monitored. Figure 22 shows that 
the' constructed plasmid is functional. 



Example 12 

Human promoter for detection of matrix metal - 
loproteinase 2 (MMP2) expression 

Useful for monitoring of matrix metallopro- 
teinase 2 (MMP2) . 3^IMP2 is expressed during degradation of 
cartilage extracellular matrix, e.g. osteoarthritic chon- 
drocytes . 

A 1.7 kb fragment of the MMP2 promoter (Gen- 
Bank accession nxmber: HSU96098) as desscribed by Bian 
and Sun, 1997 is amplified with primers MMP2 sense (SEQ 
ID NO 9) and MMP2 antisense (SEQ ID NO 10) for genomic 
PGR according to standard protocols. The PGR product is 
cloned into PGR-Blunt II-TOPO vector (Invitrogen, Swit- 
zerland) . The newly generated TOPO plasmid is digested 
with restriction enzymes BamHI and Kpnl and the obtained 
MMP2 fragment is ligated into pEGFP-1 (Clontech, Switzer- 
land, GenBank accession number U55761) or into pGreenLan- 
tern (Gibco, Switzerland) digested with BamHI and Kpnl. 
This produces a plasmid containing GFP under the control 
of a 1.7kb fragment of MMP2 long promoter. Alternatively, 
the TOPO plasmid is digested with restriction enzyme 
EcoRI and ligated into pEGFP-1 (Clontech, Switzerland, 
GenBank accession number U55761) or into pGreenLantem 
(Gibco, Switzerland) digested with EcoRI. This produces a 
plasmid containing GFP under the control of a 1.1 kb 
fragment of MMP2 short promoter. 

The resulting plasmid is transfected into a 
suitable cell line, e.g. PO hiiman chondrocytes and MMP2 
ejqpression is monitored. Figure 23 shows that the con- 
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structed plasmid containing the 1-1 Icb fragment is f\mc- 
tional. Figure 24 shows that the constaructed plasmid con- 
taining the 1.7 kb fragment is functional. 

While there are shown and described presently 
5 preferred embodiments of the invention, it is to be dis- 
tinctly understood that the invention is not limited 
thereto but may be otheirwise variously embodied and prac- 
ticed within the scope of the following claims. 



